(Communicated by Sa j iro MAKINO, M. J. A., Nov. 12, 1984) The occurrence of chromatophores on the dorsal surface of the hindgut and on the ventral nerve cord of the freshwater shrimp, Pa,aemon affinis, and several species of Macrohrachium has been reported by McNamara (1979 McNamara ( , 1980 McNamara ( , 1981 McNamara ( , 1982 . Miyawaki and Taketomi (1984) later found that the midgut, hindgut and ventral nerve cord of the freshwater shrimp, Caridina denticulata, had red chromatophores on their dorsal surface also. Miyawaki and Taketomi (1984) also pointed out that among crustaceans only the natantians possess chromatophores on the surfaces of these internal organs. Additional studies of the chromatophores on the internal organs of Caridina denticulate have now been carried out with the use of light and electron microscopes, and some results obtained with a light microscopy are reported below.
Materials and methods. The shrimp used in the present study were : (1) Freshly collected ones from their natural habitat, Lake Edzu in Kumamoto City, and (2) some that were reared in the laboratory for a long time, in a thermostatically controlled chamber (25°C, 12L: 12D) . The midguts of the shrimp were dissected out and mounted on the glass slide with a drop of 0.25 NaCI solution and immediately observed by the conventional microscope using transmitted light to determine the state of dispersion of the pigment in the red chromatophores.
Results. During this study we noticed that the shrimp exhibited two types of body coloration. One had a dark blue tint, while the other was a pale brown. When freshly collected, the brownish ones were more transparent than the bluish ones. But after being reared in the laboratory the body color of the latter gradually become more transparent. After further study, the following facts became apparent. paler after having been kept in the laboratory has not been clarified yet. The red chromatophores localized on the surface of the midgut were observed and showed that the chromatophores of the midgut of mature and egg-having females were different from those of immature females and males. The pigment in the red chromatophores of the midgut of egg-laden females was more dispersed.
Males These observations described above were limited to the redd chromatophores of the midgut. Although, the red chromatophores found on the hindgut also showed the same tendency as that of thee midgut, but the red chromatophores on the ventral nerve cord showed no significant differences among mature and egg-laden females, immature females and males. All these three groups of the shrimp showed just the same condition of red chromatophores in the ventrall nerve cord. Why the red chromatophores of the midgut show suchh a sexual difference in the degree of pigment dispersion and the same of chromatophore in the nerve cord was not explained, though it is generally accepted that the pigment in the same kind of chroma tophores reacts to the same neurohormone in the same way.
The white chromatophores in the gut and nerve cord, which have been observed by reflected illumination (Miyawaki and Tsuruda, unpublished) , also did not exhibit any detectable sexual difference. This lack of a difference might be due in part to the fact that the shape of the white chromatophores is always much more complex than that of the red ones or/and a white chromatophores with corn pletely be concentrated pigment was never observed on any occasion. Discussion. The behavior of the red chromatophores on the midgut of a natantian, Caridina deniculata, showed sexual differences was very interesting. Miyawaki and Taketomi (1984) have already reported the occurrence of the red chromatophores on the dorsal surface of the midgut and on the ventral nerve cord of this species.. Before their report was published, McNamara (1979 McNamara ( , 1980 McNamara ( , 1981 McNamara ( , 1982 observed the ultrastructure of the chromatophore on the hindgut and the ventral nerve cord of Palaemon affinis and several species of the natantian Macrobrachium. Miyawaki and Taketomi (1984) found that the reptantian, Procambarus clarki, and the brachyurans,. Uca lactea and Sesarma hematocheir, have no chromatophores on. these internal organs. Another fact which has been noted is that, even among Natantia, the kind of chromatophores on the internal organs differs by species. For example, only the red and white chro matophores occur on the internal organs of Caridina, whereas Penaeus japonicas has an assortment of several kinds of chromatophores. The results obtained in the present study revealed the red chromato phores of the midgut with a striking sexual difference in degree of pigment dispersion.
On the other hand, the chromatophores of the ventral nerve cord showed no sexual difference. Brown (1973) , in the book on the comparative animal physiology,, cited several examples of sexual difference of various metabolic phenomena among invertebrates, including examples where oxygen consumption varies by sexes in the crustacean species. Such a sexual metabolic difference is not unexpected.
The results obtained in the present study, however, seem to be different from such a general metabolic process. The significance of the sexual difference in the pigment migration in the red chromatophores on the midgut of the present species remains to be explained. At any rate, the pigment migration in the chromatophore e was dependent upon the activity of the secretion of one or more neurohormones.
The difference among the red chromatophores on the internal organs might reflect differences in the activity of the neuroendocrine system of these specimens during different states of physiological activity.
